tetrazolium violet, 8 m-(mercapto acetamido)phenol, 9 nitrosochromotropic acid, 10 2-(8-quinolylazo)-5-N,N′-dimethyl-aminobenzoic acid, 11 2-(2-benzothiazolylazo)-2-p-cresol 12 and isonitroso propiophenone 13 have been used for the determination of cobalt. Malve and coworkers 14 have reported benzeneacetaldehyde-4-hydroxy-α-oxo-aldoxime as being an analytical reagent for cobalt determination. Another study was also reported by stratis 15 based on a synergetic effect of 2-benzoylpyridine-2-pyridyl hydrazone and thiocyanate ions on the extraction and determination of cobalt. This method has some disadvantages, such as low reproducibility and interference from palladium(II). However, the mentioned methods, suffer from limitations, such as a limitation of the pH, 5, 10 interference from some ions, 2, [5] [6] [7] 10, 12, 13 long time consuming, 2,4 low sensitivity, [7] [8] [9] 11, 13 special precautions for removing interferents, instability of the reagent solution 3 and difficult condition for complex formation (about 80˚C). 4 Among these methods, the paper reported by Malve 14 is the best. The aim of this work was to study α-benzilmonoximecobalt(II) interaction for an extractive-spectrophotometric determination of cobalt by a sensitive, rapid, selective and accurate manner which is applicable to cobalt determination in vitamins, synthetic samples and alloys.
Experimental

Apparatus
A Perkin-Elmer Model 20 UV-visible spectrophotometer with a 1.0 cm optical path tubular glass cell was used for colorimetric measurements. For recording UV-visible spectra, a Shimadzu, Model UV-240 spectrophotometer with a 1.0 cm quartz cell was used. A mechanical shaker (Gallenkamp, Model SGL-700-010 V) and a Schott pH meter (Model CG-825) equipped with a Schott N-6480 glass electrode has also been used.
Reagents and chemicals
α-Benzilmonoxime reagent was synthesized in our laboratory according to a reported synthesis and purification method. 16 A 0.05 M (M = mol/dm 3 ) solution of the purified reagent was prepared by dissolving the reagent in absolute ethanol. Ammonium chloride, phosphoric acid and boric acid were purchased from Merck company.
A standard solution of cobalt(II) as 1000 µg/ml was prepared by dissolving appropriate amount of cobalt(II) chloride in doubly distilled water and adjusting the volume to 1.0 dm 3 in a volumetric flask by doubly distilled water. Standardization of the solution was performed by the standard procedure cited. 17 (0.4 M, pH 7.5 -10.5) were used for a pH adjustment.
Procedure
Five milliliters of a cobalt(II) solution, 2 ml of a buffer solution (ammonia/ammonium chloride buffer), 2 ml of doubly distilled water and 1 ml of an α-benzilmonoxime solution in ethanol were added into a 50-ml separatory funnel. Then, a 10 ml volume of chloroform was added and the funnel was shaken for 2 min. After 1 min, the chloroform layer was separated and transferred to the another funnel and 10 ml of a 0.5 M sodium hydroxide solution was added to the funnel and shaken for 1 min to remove any free chelate reagent from the chloroform phase. After 1 min, the chloroform layer was separated and the absorbance of the organic phase was measured against chloroform at 380 nm.
Results and Discussion
Extraction of α-benzilmonoxime-cobalt(II) complex
The anionic form of α-benzilmonoxime can acts as a bidentate ligand having two resonant forms. This ligand can form a neutral metal chelate with cobalt(II), and is therefore extracted into nonpolar solvents. This ligand was used for the determination of palladium(II) 18 spectrophotometrically and copper(II) 19 electrochemically.
α-Benzilmonoxime is a colorless compound, whereas α-benzilmonoxime-cobalt(II) has a yellow color in chloroform with a λmax of 380 nm (Fig. 1 ). This wavelength was selected for the spectrophotometric determination of cobalt(II). Because the complex is neutral, it can be easily extracted into organic solvents, such as toluene and chloroform. A different organic phase was used for the extraction of cobalt complex; its absorbance was measured in each solvent at 380 nm (Table 1) . Toluene, isobutylmethyl ketone (MIBK), dichloromethane and chloroform have shown nearly the same results, but because of the reproducibility of extraction and the stability of the complex, chloroform was selected as being best for further study. However, to avoid any environmental impact or health hazard due to chloroform, another solvent, such as toluene, may also be used.
Optimization of parameters
The extraction of cobalt(II) was carried out from various buffers with different concentrations.
Phosphate, ammonia/ammonium chloride and borate buffers as normalizing and pH fixing agents have been used. Figure 2 shows the influence of the pH on the sensitivity. The results show that in the pH range of 8.8 -9.3 the best sensitivity was achieved. Ammonia/ammonium chloride buffer as a working buffer for a further investigation was selected (chloride ion can act as a suitable masking agent for some metal cations). Therefore, an ammonia/ammonium chloride buffer solution with a pH of 9.0 was selected for a further study.
The influence of the concentration of α-benzilmonoxime on the extraction of cobalt is shown in Fig. 3 . The results show that at a higher concentration of 2.0 × 10 -3 M of α-benzilmonoxime the sensitivity reached a plateau. Therefore, for a further investigation, a concentration of 5.0 × 10 -3 M α-benzilmonoxime was selected.
The absorbance of the extracted cobalt(II) complex after shaking 10 ml of an aqueous phase containing 20 µg of cobalt with 10 ml chloroform for different time periods of from 10 s to 5 min was measured. The results show that the absorbance values remained constant when the shaking period was 30 s or longer. In addition, the absorbance of the extract was found to remain constant for at least 20 h.
The absorbance of the extract under different concentrations of sodium perchlorate, sodium sulfate and sodium nitrate was also measured for studying the influence of the ionic strength. Organic phase RSD, % (n = 5) Abs.
Conditions: 10 ml of organic layer plus 10 ml of aqueous layer containing 20 µg of cobalt, 3.0 × 10 -3 M -benzilmonoxime, 0.2 M ammonia/ammonium chloride, pH = 9.0. No sensible differences in the absorbance were observed up to 1.5 M of these salts in the aqueous phase.
The amount of ethanol as a cosolvent for α-benzilmonoxime was varied as shown in Fig. 4 with a constant amount of α-benzilmonoxime. After the addition of more than 1.2 ml alcohol, the analytical signal was decreased.
Calibration
Under the optimized condition of 5.0 × 10 -3 M α-benzilmonoxime, pH = 9.0 and a shaking time of 2 min, standard concentrations of cobalt(II) were prepared and the calibration graph was plotted. The calibration graph was linear with a regression equation of Abs. = 5.9 × 10 -3 + 0.433CCo, in which CCo is the cobalt concentration in µg/ml. A regression equation was obtained using an eight-point calibration. The correlation coefficient for the graph was obtained as 0.9995 (n = 8).
A blank signal with the procedure for ten replicate extraction was measured, and the limit of detection was calculated to be 0.01 µg/ml. 20 The relative standard deviation varied from 2.3 to 0.4 with a concentration range of 0.080 to 2.20 µg/ml, as shown in Table  2 . These data imply good reproducibility and accuracy for the method.
Effect of foreign ions
Different amounts of diverse ions were added to 1.00 µg/ml of cobalt(II) and then extracted according to the recommended procedure. The tolerance limit of an ion was taken as the maximum amount causing an error not greater than 3% for the determination of cobalt(II). Most of the foreign ions do not interfere with cobalt determination, except for iron(III), chromium(III) and nickel(II). The interference of large amounts of chromium(III) and iron(III) and small amounts of nickel(II) can be overcome by the following extraction-back-extraction procedure: a 10-ml sample solution containing cobalt(II) and the above-mentioned cations were added to a separatory funnel. The mixture was shaken with three separate 20 ml portions of isobutylmethyl ketone (MIBK) solvent after the addition of 5 ml of 1.0 M sodium fluoride to mask iron(III) ions, 20 ml of 5.0 M sodium thiocyanate as an extracting agent for cobalt(II) and 5 ml of acetic acid-sodium acetate buffer (0.40 M, pH 5.0). The MIBK extracts were separated and shaken with 20 ml of doubly distilled water twice to back-extract cobalt(II). This aqueous phase was then separated from MIBK, collected in a 100 ml volumetric flask and diluted to the mark with water. For each analysis, a 2-ml volume of this solution was used, as the recommended procedure. The results are given in Table 3 . Conditions: 10 ml of chloroform and 10 ml of aqueous phase containing 10 µg of cobalt, 5.0 × 10 -3 M -benzilmonoxime, 0.2 M ammonia/ammonium chloride, pH = 9.0. a. After separation of cobalt using extraction-back-extraction method.
α Table 3 Effect of foreign species on the determination of 10 µg cobalt
Determination of cobalt in vitamin ampoules
The content of 2 ml B complex ampoules or 2 ml B12 ampoules was decomposed in a 50 ml round-bottom flask by heating with 10 ml of a mixture containing concentrated nitric and sulfuric acids (10 + 1) on a hot plate until near dryness. 6 A dropwise addition of concentrated nitric acid is needed to obtain a colorless or yellow residue. The residue was neutralized with a dilute sodium hydroxide solution, and was then diluted to an appropriate volume (50 ml). The cobalt contents were analyzed using 2.0 or 5.0 ml of the solutions by the recommended procedure. A standard method using nitroso R salt and 1-nitroso-2-naphthol have also been used 21 as a reference method. The results are presented in Table 4 .
Determination of cobalt in synthetic alloys and Co2O3-Co3O4 laboratory chemical
A 10-ml sample solution containing 500 µg cobalt and the other metals listed in Table 5 was added to a separatory funnel. The mixture was shaken with three separate portions of 20 ml MIBK solvent after the addition of 5 ml of a 1.0 M sodium fluoride solution, 20 ml of a 5.0 M sodium thiocyanate solution and 5 ml of acetic acid-sodium acetate buffer (0.4 M, pH 5.0). The MIBK extract was separated from aqueous media and shaken with two separate portions of 20 ml of doubly distilled water. The aqueous phases were then separated from MIBK, collected in a 100-ml volumetric flask and diluted to the mark with water. For each analysis, a 2-ml volume of this solution was used to determine the cobalt contents as the recommended procedure.
For a Co2O3-Co3O4 analysis, 0.100 g of a Co2O3-Co3O4 mixture was digested with 20 ml hydrochloric acid and 10 ml nitric acid in a 50 ml flask. The mixture was heated gradually for 2 h. The addition of an acid mixture while gradually heating the solution was continued until dryness. The residue of the digestion process was diluted with 20 ml of water and then neutralized with a dilute sodium hydroxide solution. The solution was then diluted with water into a 250-ml volumetric flask. After 25 times dilution, a 2 ml volume of the final solution was used for an analysis by the recommended procedure ( Table 5) .
Extractivity of cobalt
A 60-ml volume of an aqueous-phase solution containing 120 µg of cobalt(II) in the presence of 5.0 × 10 -3 M α-benzilmonoxime and ammonia/ammonium chloride buffer solution with pH = 9.0 (optimized condition) was extracted with 60 ml of chloroform for 2 min as the recommended procedure. The extracted organic phase was added into a 100-ml flask. The flask was heated on a hot plate with magnetic stirring to vaporize chloroform. The vaporization was continued until dryness and complete removal of chloroform. The solid residue was decomposed by 10 ml of concentrated nitric acid on a hot plate and heated until dryness. The residue was dissolved in 10 ml of water and neutralized with a dilute sodium hydroxide solution. The solution was added to a 25-ml volumetric flask and diluted with water. The cobalt contents were analyzed by the standard method. 17 The efficiency of the extraction was found to be 98.9 ± 0.7%.
The maximum amount of cobalt(II) that could be extracted from 10 ml of 5.0 × 10 -3 M α-benzilmonoxime (retention capacity) was 1.123 mg of cobalt.
Preconcentration of cobalt(II) under the optimum condition was performed by varying the volume of the aqueous phase at a constant amount of cobalt and a constant volume of the organic phase. The results show that the absorbance of the extract is constant until a 30-ml volume of the aqueous phase. This means that a preconcentration factor of 3 has been achieved.
Conclusion
Cobalt can be quantitatively extracted into organic phases using α-benzilmonoxime and determined spectrophotometrically.
The determination is accurate, reproducible, simple and selective, which is suitable for biological and alloy samples. Conditions: 10 ml of chloroform layer and 10 ml of aqueous layer containing 5.0 × 10 -3 M -benzilmonoxime, 0.2 M ammonia/ammonium chloride, pH = 9.0. 
